VERSION* 



J 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

A22B 5/08, 21/02, 7/00, C14C 1/06, 1/00 



Al 



(11) International Publication Number: WO 99/41989 

(43) International Publication Date: 26 August 1999 (26.08.99) 



(21) International Apphcation Number: PCT/US99703875 

(22) International Filing Date: 23 February 1999 (23.02.99) 



(30) Priority Data: 
60/075.493 



23 February 1998 (23.02.98) US 



(71) Applicant: MONFORT, INC. [US/US]; 1918 A A Street, 

Greeley, CO 80631 (US). 

(72) Inventors: POTTER, Wesley, W.; 600 37th Avenue Court, 

Greeley, CO 80634 (US). CLAYTON, R., Paul; 714 
Boulder Circle, Fort Collins, CO 80524 (US). 

(74) Agents: KOVARIK, Joseph, E. et al.; Sheridan Ross P.C., Suite 
3500, 1700 Lincoln Street, Denver, CO 80203-4501 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG. BR. 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE t GH, GM, HR, HU. ID, IL, IN, IS, JP, KE, KG, KP. 
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU. SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZW, 
ARIPO patent (GH, GM, KE, LS, MW. SD. SZ, UG; ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR. IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ. CF, CG. CI, CM, GA, GN, GW, ML, MR, NE, SN, 
TD, TG). 



Published 

With international search report. 



(54) Title: METHOD AND SYSTEM FOR DEHAIRING ANIMALS 



SULFIDE PROCESS 
MAKEUP SYSTEM 



ANIMAL • STUNNED 
PLACE ON RAIL 



PRE -SOAK 
CARCASS 



SULFIDE SPRAY 
LOW PRESSURE 



SULFIDE SPRAY 
HIGH PRESSURE 



HAIR REMOVAL- 
.MECHANICAL 
-HIGH PRESSURE WATER: 
OR 

- HIGH PRESSURE AIR 



WASTE STREAM 
FLOW 



HIGH LIOU© 
VERY LOW SOLIDS 



HIGH LIQUID 
LOW SOLIDS 



HIGH SOLIDS 
HIGH LIQUID 



RECYCLE 



MECHANICAL REMOVAL • 
VERY HIGH SOLIDS 
LOWUQUO 



VIBRATING SCREEN SOLIDS SEPARATION SYSTEM 



I CHEMICAL RECYCLE FLOW 1 



SaOS SEPARATION SYSTEM 
HAIR SEPARATED FROM MANURE 
AND MUD 
1 








FERTILIZER PRODUCT 
RECOVERE0UAP. 







HAIR PROTEIN RECOVERY SYSTEM 
REVENUE GENERATED FROM 
BYPRODUCT 



WASTE TO LAND APPLICATION FOR 
DISPOSAL 




(57) Abstract 



. Disclosed is a novel method and system for dehairing an animal, providing a system for recycling and safely disposing of chemical 
and biological wastes produced during such dehairing method. Included in such method are processes for handling sodium production in 
waste materials, reducing and handling production of H2S, removing sulfides from animal hides, safely disposing of sulfide waste, removing 
solids from the waste materials, and reducing water and reagent use and disposal. 



♦(Referred 10 in PCT Gazette No. 44/1999, Section II) 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spam 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


11. 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







Bssf Available Copy 



WO 99/41989 



PCT/US99/03875 



METHOD AND SYSTEM FOR DEHAIRING ANIMALS 

FIELD OF THE INVENTION 
The present invention relates to a method and system 
for the removal of hair from animals prior to slaughtering 
5 of such animal, and to reuse, recycling and disposal 
systems for compositions generated in such a dehairing 
method. 

BACKGROUND OF THE INVENTION * 

10 In the meat industry, and particularly in those areas 

devoted to the processing of beef and pork, meat packers 
slaughter animals in a process in which the animals are 
stunned, bled, skinned, eviscerated, and fabricated into 
meat sections which are marketable to the public or the 

15 restaurant trade. Animals enter a meat slaughter plant 
with various foreign materials present on their hair, 
including blood, dirt, manure, mud and vegetative material. 
An animal's hair is also contaminated with a multitude of 
microorganisms, some of which are pathogenic to humans. 

20 Most bacteria present in a meat slaughter and processing 
facility are carried into the facility on the hides of 
animals to be slaughtered. During the slaughtering 
process, these microorganisms contact meat and other meat 
by-products, thereby contaminating such products, creating 

25 handling problems and reducing the shelf life and safety of 
meat products. 

The control of contamination by microorganisms is a 
recognized problem in the meat packing industry. Many 
techniques have been employed in the past in an effort to 

30 destroy surface bacterial flora on meat. For example, U.S. 
Patent 4,852,216 to Clayton discloses a disinfection system 
using acetic acid spray in order to reduce bacteria levels 
and thereby increase shelf life of meat products. Other 
inventors have utilized anti-microbial agents for 

35 preserving products normally subject to microbial spoilage. 
For example, U.S. Patent 3,915,889 to Jurd discloses a 
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certain anti-microbial agent that can be applied for. 
preservation of a wide variety of substances including meat 
by-products . 

Still other inventors have recognized the advantages 
5 of dehairing animals to facilitate the slaughtering 
process. U.S. Patent 4,674,152 to Georges discloses an 
apparatus and method for slaughtering animals by bleeding 
an animal, electrostatically charging the animal's hair, 
applying a combustible fluid to the hair and subsequently 

10 igniting the combustible fluid to burn the hair from the 
animal's body. U.S. Patent 4,309,795 to Simonsen discloses 
a method and apparatus for dehairing hogs wherein the hog 
is bled, its skin is scalded with hot water and then 
subjected to abrasive treatment to remove the hog's hair. 

15 U.S. Patent 5,149,295 to Bowling et al., which is 
incorporated herein by reference in its entirety, discloses 
the use of a depilatory substance to remove animal hair, 
such depilatory substance including a chemical that is able 
to cleave disulfide bonds between cysteine amino acid 

20 residues present in animal hair. 

Methods for dehairing which use chemicals to remove 
animal hair, however, generate chemical and animal 
byproducts which can be toxic and/or environmentally 
hazardous and can pose significant problems for waste 

25 disposal. ^ Therefore, a need exists for a method for 
dehairing animals which includes protocols for recycling 
and/or safely disposing of compositions and waste products 
produced during the process. The present invention 
addresses such a need by providing a process for reducing 

30 bacterial contamination of meat and meat by-products from 
the outset of the slaughtering process, prior to the 
exsanguination of the animal, while minimizing the cost and 
environmental impact of such a process through a novel 
recycle, reuse and disposal system. 



35 
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SUMMARY OF THE INVENTION 
The present invention is directed to a method and 
system for dehairing animals which includes processes for 
recycling/ reusing and safely disposing of chemical and 
5 biological waste products from such a dehairing process - 
More particularly, the present invention is generally 
directed to a process for dehairing an animal, which 
includes the steps of immobilizing the animal, prewetting 
the hide, applying a depilatory substance to the hide, 

10 removing the hair from the hide, and dispatching the 
animal. In certain embodiments, the present method also 
includes the steps of neutralizing the hide and washing the 
hide with fresh water. Included in each step of this 
method are collection, recycling and waste disposal 

15 processes for treating individual or combined waste streams 
from the prewetting, depilatory application, hair removal, 
neutralizing (if necessary) and fresh water rinse (if 
necessary) steps. As used herein, "liquid and/or solid 
wastes'' are meant to include liquid and/or solid 

20 constituents since such liquids and/or solids may be 
recyclable and thus may not be technically deemed to be 
"wastes". 

Such processes for waste stream treatment can include 
the steps of: (a) separation of solid waste from liquid 

25 waste; (b) further separation, recycling and disposal of 
solid wastes; and (c) treatment and recycling of liquid 
wastes. Step (b) of further separation, recycling and 
disposal of solid wastes can include separation of hair 
from other solids such as mud and manure, followed by 

30 recovery of valuable proteins from the hair and 
recycling/disposal of mud and manure to land applications 
or landfills. Step (c) of treatment of the liquid waste 
can include any or all of the steps of (a) removing fine 
solid waste from the liquid; (b) recovering and recycling 

35 water from the liquid waste; (c) recovering and recycling 
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sulfides from the liquid waste; (d) controlling, removing, 
and/or recycling of H 2 S gas from the liquid waste; and (e) 
recycle and/or disposal of residual sulfides in the liquid 
waste as sulfates. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS OF THE INVENTION 
Fig. 1 is a flow chart which schematically illustrates 
a dehairing process according to the present invention. 

Fig. 2 is a flow chart which schematically illustrates 
10 a dehairing process according to the present invention. 

Fig. 3 is a flow chart which schematically illustrates 
a dehairing process according to the present invention. 

Fig. 4 is a flow chart which schematically illustrates 
a dehairing process according to the present invention. 
15 Fig. 5 is a flow chart which schematically illustrates 

a dehairing process according to the present invention. 

Fig. 6 is a flow chart which schematically illustrates 
a chemical recycle process according to the present 
invention. 

20 Figs. 7A and 7B are schematic illustrations of a 

screen separation step according to the present invention. 

Fig. 8 is a schematic illustration of an apparatus for 
acid treatment of submitted, spent dehairing liquor for 
recovery of residual sulfide value via H 2 S absorption in a 

25 caustic soda scrubber. 

Fig. 9 is a flow chart which schematically illustrates 
a process for laboratory treatment of submitted spent 
dehairing liquor for recovery of residual sulfide value via 
H 2 S absorption in a caustic soda scrubber. 

30 Fig. 10 is a flow chart which schematically 

illustrates a caustic soda scrubber for H 2 S recovery as 
NaHS. 
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DETAILED DESCRIPTION OF THE INVENTION 
The present invention reduces microbial contamination 
of meat and meat by-products by removing the hair of an 
animal before the disassembly of the animal during 
5 slaughtering, thereby substantially eliminating all foreign 
matter, including dirt, manure, blood, ingesta and most 
importantly, microorganisms, associated with animal hair. 
The present invention additionally provides a system for 
effectively recycling, reusing and disposing of chemical 

10 and animal products generated by the hair removal process 
which minimizes the cost and environmental impact of the 
dehairing method. 

More particularly, the present invention provides a 
novel, comprehensive animal hair removal (dehairing) system 

15 which addresses various potential concerns with the animal 
hair removal process, including issues related to efficient 
and effective hair removal, sodium production in waste 
materials, production of H 2 S during the process, elimination 
or reduction of the use of certain chemicals in the 

20 process, removal of sulfides from animal hides, sulfide 
waste disposal, removal of solids from the waste materials, 
and reduction in water and reagent use and disposal. 

In a meat processing facility, the opportunity for 
microbial contamination of meat and meat by-products first 

25 presents itself upon the cutting open of an animal, 
exposing the animal's interior to microorganisms present in 
the ambient environment. The risk of microbial 

contamination extends throughout the entire slaughtering 
process, including final fabrication of the animal into 

30 various sections of meat for commercial sale. 

By practicing the present invention, the slaughtering 
process is initiated with animal carcasses essentially free 
of foreign matter and microorganisms, with minimal 
environmental impact. Using conventional procedures, 

35 animals enter the slaughtering process in a highly 
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contaminated state and are processed in a manner that 
permits significant meat contamination to occur. In 
contrast, the depilatory hair removal method described 
herein drastically reduces the number of microorganisms 
5 from the onset of the slaughtering process, and increases 
the effectiveness of subsequent measures taken in the meat 
processing procedure to control the growth of spoilage and 
pathogenic microorganisms. 

As used herein, the term microorganism refers to any 

10 microorganisms capable of contaminating meat products, 
thereby making such meat unsuitable or unhealthy for human 
or animal consumption. 

As used herein, the term "animal" refers to any mammal 
of the kingdom Animalia which is consumed by humans or 

15 animals, including without limitation, bovine, ovine and 
porcine, and the term "hide" refers to the integument of an 
animal, such as a bovine hide, a porcine skin and an ovine 
pelt. The primary function of an animal hide while the 
animal is alive is to both form a protective barrier to 

20 actively prevent the penetration of material through the 
animal's hair. Microorganisms are unable to penetrate an 
intact living animal hide but can begin to enter the hide 
immediately upon the death of the animal. For four to 
eight minutes after an animal is immobilized, its skin 

25 continues acting as an active barrier to microorganisms. 

Various embodiments of the method of the present 
invention are illustrated schematically in the flow charts 
and diagrams of Figs. 1-10. The method is particularly 
described in detail below. Briefly, the dehairing method 

30 of the present invention can include the steps of: 
immobilizing an animal, presoaking the hide, applying the 
depilatory substance to the hide, removing the animal hair 
from the hide; applying a neutralization substance to the 
hide; applying a fresh water rinse to the hide; dispatching 

35 the animal; and various recycling and waste disposal steps 
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that are integral with each of the above-mentioned 
dehairing steps. It is to be understood that some of these 
steps are optional, and that the particular order and 
inclusion of steps can be varied according to the needs and 
5 safety concerns of the user of the method. 

The step of immobilizing an animal (e.g., stunning) is 
preferably performed prior to the application of a 
depilatory substance to the animal's hide. Immobilization 
includes any means for precluding movement of the animal. 

10 Such methods are described in detail, for example, in 
Bowling et al., U.S. Patent No. 5,149,295, supra. 

One embodiment of the invention further includes 
contacting a surfactant or wetting agent to the animal 
either prior to (e.g., a presoaking step) or in conjunction 

15 with a depilatory substance. Such a presoaking step 
facilitates the ability of the depilatory substance to go 
to the follicle at the surface of the hide, and also 
facilitates the removal of the depilatory substance from 
the hide later in the process. Penetration of the 

20 depilatory substance to the surface of the hide, and more 
preferably, below the surface of the hide and into the hair 
follicle can reduce the amount of dwell time for the 
depilatory substance on the hide, thereby improving 
throughput. Surfactants and wetting agents modify the 

25 nature of a surface and are known to break the surface 
tension of water, thus allowing for increased saturation of 
chemicals applied subsequent to or in conjunction with such 
surfactants and wetting agents. The surfactant or wetting 
agent of the present invention can be any composition known 

30 to those skilled in the art suitable for increasing 
penetration of depilatory substances on the hair of an 
animal. Preferably, the surfactant or wetting agent is 
chemically compatible with the depilatory substance to be 
used. For example, when used in the presoaking step of the 

35 present invention, a suitable surfactant or wetting agent 
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facilitates the penetration of the subsequent depilatory 
substance close to the surface of the hide while minimizing 
chemical reactions with the depilatory substance that 
produce undesirable and/or toxic byproducts. 
5 More particularly, surfactant or wetting agents 

include soaps, alcohols, fatty acids or detergents, 
preferably sodium salts of fatty acids, and most preferably 
sodium lauryl sulfate. In one embodiment of the present 
invention, the wetting agent used in a presoaking step can 

10 be liquid that has been recycled from the presoaking and/or 
depilatory application steps. Such recycled wetting agents 
can be applied with or without a surfactant. 

The amount of surfactant used in a particular 
application depends on the strength of the depilatory 

15 substance used, the condition of an animal's hair, the 
temperature of the depilatory substance, and the amount of 
depilatory substance contact time, among other factors. 
Typically, the surfactant, when applied in connection with 
the depilatory substance, is applied in amounts by volume 

20 percent of depilatory substance of between about 3.0% and 
about .1%, more preferably between about 2% and about .3%, 
and most preferably between about .7% and about .4%. In a 
beef processing operation, for example, a single hide may 
be presoaked with about 50 gallons of wetting agent. 

25 The step of contacting or applying the depilatory 

substance to an animal can involve any method which 
sufficiently contacts a depilatory substance with the hide 
of an animal to allow the depilatory substance to react 
with the animal's hair. Such methods may include, but are 

30 not limited to, immersing, spraying, showering or dousing 
of the animal, or any other means known in the art for 
applying similar substances to an animal or animal hide. 
Preferably, the step of contacting or applying the 
depilatory substance to an animal is any method which 

35 facilitates the penetration of the depilatory substance to 
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the hair follicle at the surface of the animal's hide. In - 
a further embodiment, the step of contacting or applying is 
any method which facilitates the recovery and collection of 
residual depilatory substance for reuse and/or recycling. 
5 Particularly preferred methods of contacting or applying 
include spraying and immersion. In one embodiment of the 
present invention, the prewetting solution used to prewet 
one hide is collected and reused (e.g., recycled) to prewet 
another hide. 

10 In one embodiment of the present method, a depilatory 

substance is applied to an animal hide in two steps. The 
first step comprises spraying the depilatory substance onto 
a prewetted hide under low pressure, followed by a second 
application of the depilatory substance using a high 

15 pressure spray. Preferably, the spraying apparatus which 
delivers the depilatory substance. is comprised of several 
moveable nozzles arranged around the hide in such a 
configuration that all surfaces of the hide are contacted 
with the spray, including areas which may be more difficult 

20 to contact, such as the area between the body and a leg of 
the animal. In this embodiment of the present invention, 
the substances used in the prewetting and low pressure 
application can be either fresh prewetting and depilatory 
substances, or more preferably, are recycled from previous 

25 prewetting and low pressure depilation of hides. 
Preferably, the depilatory substance used in the high 
pressure application is freshly made depilatory substance, 
although components recycled from various steps of the 
dehairing process can be used to make up the depilatory 

30 substance. 

In the embodiment of the present invention wherein the 
hide is immersed in a depilatory substance, the animal is 
typically lowered into a bath of prewetting and/or 
depilatory substance. In this embodiment, it is preferable 

35 to provide a means of supporting the animal head above the 
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baths such that the orifices of the animal's head (e.g./ . 
the eyes, nose, ears and mouth) do not contact the 
prewetting or depilatory substances. Such a supporting 
means can be any suitable device which functions to hold 
5 the animal head above the level of the bath during the 
immersion/dipping process. It is important to avoid 
internal contact of the animal with the chemicals used in 
the dehairing process to prevent contamination of the meat 
that is to be harvested from the animal later in 

10 processing. 

In another embodiment, a depilatory substance is left 
to dwell on the animal hide until the hair is cleaved a 
small distance below the surface of the. hide and the upper 
epidermis is removed. In an embodiment using sodium 

15 sulfide as the depilatory substance, the depilatory 
substance is sprayed onto the animal's hide for 1-60 
seconds and left to dwell for an additional 1-180 seconds. 
In an embodiment using potassium sodium sulfide as the 
depilatory substance, the depilatory substance is sprayed 

20 onto the animal's hide for between about 5 to about 25 
seconds and left to dwell for an additional time period of 
between about 20 to about 200 seconds. 

As discussed above, the depilatory substance is 
preferably sprayed onto the animal's hide using a spray 

25 apparatus comprised of a plurality of moveable nozzles 
which are configured around the hide such that the entire 
surface area of the hide is contacted with the depilatory 
substance. 

In a preferred embodiment of the present invention, 
30 the prewetting and depilatory application steps are 
designed to maximize the contact of the depilatory 
substance with the hair follicle at the surface of the 
hide, and more preferably, with the follicle below the 
surface of the hide. Such contact will allow the hair to 
35 be removed below the surface of the hide and is preferable 
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to cleavage of the hair above or at the surface, which • 
leaves "hair stubble" on the hide* Hair stubble is 
undesirable because such hides have increased risk of 
microbial contamination and have decreased value to 
5 tanners. In addition, a smooth hide facilitates the 
removal of the depilatory substance from the hide later in 
the process. 

The depilatory substance of the present invention is 
any chemical compound known to depilate hair from an 

10 animal's hide. While not intending to be bound by theory, 
it is believed that depilatory substances remove hair by 
breaking chemical bonds within individual hair fibers. 
Animal hair, and specifically cattle hair, is composed 
primarily of a single structural protein, keratin. 

15 Individual keratin molecules are held together to form hair 
fibers by covalent disulfide bridges between cystine amino 
acid residues. These bonds are easily broken by reducing 
chemicals. Under strong reducing conditions, most of the 
disulfide bonds in a hair fiber will be broken and the hair 

20 will be cleaved into pieces less than a few millimeters in 
length. Other depilatory substances, such as strong 
caustic agents, act by oxidizing chemical bonds within hair 
fibers. An example of such caustic agents is a solution 
comprising sodium hydroxide, further described below. 

25 Therefore, according to this theory, the depilatory 
substances used in the present invention dissolve certain 
portions of an animal's hair and permit removal of the hair 
from the animal's hide. Moreover, upon contacting of a 
depilatory substance to an animal's hide, many 

30 microorganisms are initially killed by the strong reducing 
and oxidizing agents utilized. 

It is within the scope of the present invention that 
the selection of the depilatory substance and the dwell 
time of the depilatory substance on the animal hide can be 

35 varied according to whether it is desired: (1) to remove 
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the hair particle by breaking the hairs into small pieces • 
and collecting the pieces for further use or processing, or 
alternatively, (2) to actually dissolve the hair, portions 
of the follicle, and other components on the surface of the 
5 hide to form a mush comprised of multiple compositions. 

Preferably, the depilatory substance of the present 
invention can be sodium sulfide or potassium sodium 
sulfide; a composition of thioglycolic acid, sodium 
hydroxide and calcium oxide; sodium hydroxide and hydrogen 

10 peroxide; or potassium hydroxide and hydrogen peroxide. 
Care should be taken to use the various depilatory 
substances in amounts, concentrations and contact times 
which do not damage the animal hide. When the depilatory 
substance comprises sodium sulfide, sodium sulfide is in a 

15 concentration from about 5% to about 15%, more preferably 
from about 8% to about 13%, and most preferably from about 
9% to about 12%. When the depilatory substance comprises 
potassium sodium sulfide, potassium sodium sulfide is in a 
concentration from about 5% to about 20%, more preferably 

20 from about 10% to about 15%, and most preferably from about 
11% to about 14%. 

In the embodiment of the invention in which the 
depilatory substance comprises sodium hydroxide and 
hydrogen peroxide, NaOH is present in a concentration of 

25 about 10% to about 20%, more preferably about 12% to about 
17%, and most preferably about 13% to about 15%. In this 
embodiment, hydrogen peroxide is present in a concentration 
of about 1% to about 10%, more preferably about 2% to about 
8% and most preferably about 4% to about 6%. In the 

30 embodiment of the invention in which the depilatory 
substance comprises potassium hydroxide and hydrogen 
peroxide, KOH is present in a concentration of about 10% to 
about 20%, more preferably about 12% to about 17%, and most 
preferably about 13% to about 15%. In this embodiment, 

35 hydrogen peroxide is present in a concentration of about 5% 
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to about 15%, more preferably about 7% to about 13% and 
most preferably about 8% to about 12%. In another 

embodiment of the invention, the . depilatory substance 
comprises about 5% to about 15% thioglycolic acid, about 1% 
5 to about 5% calcium oxide and about 1% to about 5% sodium 
hydroxide. It is more preferable in the above embodiment 
to have thioglycolic acid in a concentration of about 7% to 
about 12%, and most preferably in a concentration of about 
8% to about 11%. 
10 In addition to the foregoing specific formulations, 

other chemicals recognized in the art as effective to 
remove or dissolve hair from the hide of an animal, can be 
used as well. 

It has been recognized that certain depilatory 

15 substances work more effectively when heated, specifically, 
the above described depilatory substance comprising sodium 
hydroxide and hydrogen peroxide and those comprising 
thioglycolic acid, calcium oxide and sodium hydroxide. It 
is preferable to heat the respective depilatory substances 

20 to a temperature between about ( 90° F and about 190° F, 
although to minimize deleterious effects on the animal 
hide, the depilatory substance is preferably heated to a 
temperature that is less than about 120° F, and more 
preferably, between about 90° F and about 120° F. The dwell 

25 time of any particular depilatory substance contacted with 
an animal's hide will vary depending upon the particular 
animal species, the type and concentration of depilatory 
substances used and the temperature at which such 
depilatory substances are applied, as well as other 

30 factors. In a preferred embodiment using sodium sulfide, 
the depilatory substance is effective at about room 
temperature . 

It is also desirable to maintain the pH of the 
depilatory substance relatively high (e.g., about 8 to 
35 about 13 pH, and more preferably, about 10 to about 13,5 
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pH) , since a higher pH enhances the depilatory reaction and . 
reduces the production of undesirable gases during the 
process. For example, when sodium sulfide is the 
depilatory substance, care must be taken to keep the pH 
5 level of the depilatory substance relatively high (about 
9.5 to about 12) so as to avoid excessive production of 
hydrogen sulfide gas (H 2 S) which is deadly poisonous. In 
one embodiment of the present invention, the pH of all of 
the substances used in the dehairing process is maintained 

10 throughout the process at a pH greater than about pH 10, 
and more preferably, greater than about pH 11. The present 
inventors have discovered that maintenance of a very high 
pH throughout the dehairing process greatly enhances the 
removal of hair from the animal hide and prevents the 

15 formation of H 2 S gas during the process. Moreover, due to 
the effectiveness of the recycling and waste disposal steps 
discussed below, the present method can be used, in some 
embodiments without the need for a neutralizing step. 

The step of removing hair in the present invention can 

20 be accomplished in any manner which substantially 
eliminates the majority of hair on the animal. The 
dehairing of animals is performed relatively quickly to 
facilitate the timely conveyance of such animals along a 
meat processing line. In a preferred embodiment, hair is 

25 removed from an animal by directing pressurized water at 
the animal. The pressurized jets of water effectively 
strip the loosened hair from the animal's hide without 
damaging the hide. Other embodiments of the present 
invention include means for removal of hair using 

30 mechanical devices such as rigid blades, brushes or combs. 
Pressurized air sprays can also be effective in removing 
hair from the animal, especially in conjunction with the 
use of pressurized water sprays. The removal of the hair 
and microorganisms associated with such hair, achieves the 

35 objective of reducing microbial contamination of meat and 
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meat by-products during the remainder of the slaughtering, 
process. In an alternative embodiment of the invention, a 
neutralizing substance can be applied to an animal 
subsequent to contacting a depilatory substance to the 
5 animal, and typically subsequent to the removal of the hair 
from the animal, although such a neutralizing step can be 
performed prior to the hair removal step. The neutralizing 
substance is provided to cease the particular chemical 
action of the depilatory substance. Use of a particular 

10 neutralizing substance depends upon the depilatory 
substance being used. For example, in one embodiment of the 
present invention, the depilatory substance sodium sulfide 
is neutralized by application of sodium bicarbonate or 
sodium carbonate in combination with hydrogen or sodium 

15 peroxide. In this embodiment, about 5% to about 15% sodium 
sulfide is applied to the animal's hide and left to dwell 
for about 1 to about 180 seconds before removal of the 
animal's hair. After removal of the hair, a solution 
containing about 5% to about 15% sodium bicarbonate and 

20 about 1% to about 5% peroxide is sprayed onto the animal's 
hide and left to dwell on the hide for about 1 to about 60 
seconds to allow for the oxidation of sulfide ions. 
Additional peroxide applications may be used for complete 
oxidation of any remaining sulfides. Such additional 

25 applications of peroxide may be followed by additional 
carbonate and sodium bicarbonate washings to further adjust 
pH levels. 

In another embodiment of the present invention using 
a combination of sodium hydroxide and peroxide as the 

30 depilatory substance, an oxidating agent such as an organic 
acid, for example, acetic acid, propionic acid, lactic acid 
or citric acid, is used to cease the depilatory action of 
the depilatory substance. When a composition of 
thioglycolic acid, sodium hydroxide and calcium oxide is 

35 used as the depilatory substance, hydrogen peroxide is used 
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as the neutralizing substance. The amount of neutralizing, 
substance used in a particular case depends upon the amount 
and type of depilatory substance used, the time constraints 
on the dehairing process, as well as other factors. 
5 As discussed above, the neutralizing step of the 

present invention is optional. It is an advantage of the 
present invention that the recycling and waste disposal 
steps described below are sufficient to reduce problems 
associated with production of toxic H 2 S gas and the removal 
10 and handling of sulfides from the hides, so that additional 
neutralization steps may not be necessary. In addition, 
elimination of such a neutralization step further reduces 
waste disposal issues associated with the neutralization 
liquors. 

15 In a further embodiment, the method of dehairing an 

animal of the present invention can include a fresh water 
rinse which is performed after the removal of the hair 
and/or the neutralizing step and prior to the dispatching 
of the animal . 

20 The additional step of dispatching of an animal is 

preferably performed subsequent to the step of removing 
hair from an animal. The term "dispatch" as used herein 
refers to the killing of the animal and is typically 
accomplished by exsanguination of the animal through the 

25 severing of the animal's carotid artery while the animal is 
immobilized and suspended from a conveyor line. 

Having described the initial steps in the method of 
the present invention for dehairing an animal, the 
description now turns to the second and integral portion of 

30 the method, a novel system for collecting, recycling, 
reusing, and/or disposing of the various compositions and 
byproducts of the above described process. As discussed 
above, this embodiment of the method of the present 
invention offers many advantages and improvements to the 

35 dehairing system, since such a method increases the cost 
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effectiveness and reduces the negative environmental impact, 
of the above-described dehairing process. While the second 
portion of the method is described as it would be used with 
the depilatory substances particularly described herein, 
5 the method can be easily adapted for use with other 
depilatory substances. It is to be understood that 
eliminating or varying particular steps of the present 
method according to the needs and facilities of the 
individual user is intended to be encompassed within the 

10 scope of the present invention. 

In the recycling/disposal embodiment of the method of 
the present invention, the sludge by-product produced by 
the dehairing process is collected along with the 
presoaking substances, depilatory substances, surfactants, 

15 neutralizing substances, and various foreign matter found 
in the hair. These substances are sent through various 
recycling and cleansing/disposal processes as described 
below. Hair recovered and separated from the sludge can be 
further processed for use as animal feed and for composing 

20 of fertilizer precursors, as well as other uses including 
recovery of specific amino acids. 

In the total method for dehairing an animal of the 
present invention, after each step, a waste stream is 
produced. It is within the scope of the present invention 

25 that each of these waste streams can be individually 
collected and treated, collected and treated in small 
groups, or collected and treated as a single waste 
solution. In one embodiment, it may be preferable to 
collect each of the waste streams individually to maximize 

30 the recycling and reuse of various components. Such 
collection may be accomplished, for instance, by collecting 
a waste stream from each step through a drain on the floor 
of the area where each step is performed (or from 
individual basins if immersion is used) , and routing the 

35 waste streams individually to various treatment areas. For 
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example, it may be desirable to separate the waste stream, 
of the prewetting step and/or low pressure depilatory 
application step from the high pressure depilatory 
application step or immersion depilatory application step 
5 in order to facilitate the separation of manure/mud waste 
(from the prewetting/low pressure steps) from the hair 
waste (from the high pressure/immersion step) . In 
addition, as will be apparent from the discussion below, 
the present invention includes a novel process for 

10 recycling various chemicals used in the depilatory process, 
and efficiency of such recycling steps may be increased by 
disposing of different waste products separately. 
Moreover, as will be discussed below, it may be desirable 
to recycle some waste products after only minimal 

15 treatment, while other waste streams will require more 
complex waste treatment before recycling is possible. 

In another embodiment, the waste streams can be 
collected and treated together, such as through a plurality 
of floor drains or basin drains which feed into a common 

20 recycling/treatment facility. 

One embodiment of the system for recycling and waste 
disposal is schematically illustrated in the flow diagrams 
of Figs. 1-6. Particular embodiments of such a system are 
described in detail below. 

25 In one embodiment of the present invention, the 

liquors from the presoaking, depilatory application, hair 
removal, neutralizing, . and/or fresh water rinse steps, 
which contain the various applied substances, hair, manure 
and other solids, are collected (separately, in small 

30 groups or as a single waste stream) and initially sent 
(separately, in small groups or as a single waste stream) 
through a system and/or systems for separating liquids from 
solids. Such a system can be any system for achieving such 
separation and can include centrifuges and/or screening 

35 devices. Additionally, the waste stream collected from the 
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neutralizing rinse and/or the fresh water rinse (i.e.,. 
after removal of the animal hair) can be recycled back to 
the neutralizing substance makeup system for reuse. 

In the embodiment illustrated in Figs. 1-5, large 
5 particle solids are separated from the liquor by use of a 
Parkson Traveling Belt Screen and a series of vibrating 
screens of increasing mesh size. For example, the waste 
material can be passed from the Parkson Traveling Belt 
Screen, which is a continuously moving belt or plate filter 

10 screen, to a screen having a pore size opening of between 
about 0.1 to about 0.4 inches. One embodiment of the 
screen separation step is specifically illustrated in Fig. 
7. In this figure, the used mother liquor is poured onto 
the top of a screen of about 3-6 mesh which is mounted at 

15 a 45-60° slope. The screen can be, for example, a wire 
screen which is framed in wood, having a hydrophobic 
manmade woven or knit cloth mounted on the screen. The 
solids stay on top of the screen, rolling down into a 
collection trough, while the screened liquor is collected 

20 in a drain pan for transport to the next separation/ 
purification step. A 40 micron screen, and then a 10 
micron screen can be used to further separate solid 
components . 

The solids collected from the screening separation 
25 processes can be sent to a solids separation system to 
separate the animal hair from other solids, such as mud and 
manure. Separated mud and manure can be recovered and used 
in a fertilizer product, or alternatively, the mud and 
manure can be used in a land application or sent to a 
30 landfill for disposal. Hair separated at this stage can be 
sent to a hair protein recovery process, where the 
recovered proteins (i.e., amino acids) are marketed for use 
in other applications. 

At this stage, some of the liquor f rom 1 the initial 
35 solids separation stage can be recycled back to be reused 



WO 99/41989 PCT/US99/03875 

20 

in the presoaking and/or initial depilatory application, 
steps, if desired. The remainder of this liquor passes 
from the screening processes through an optional centrifuge 
system, which will remove finer impurities from the liquor. 
5 For example, in one embodiment, the liquor moves from the 
screening system into horizontal centrifuges, and then to 
vertical centrifuges. The waste collected from the 
centrifuge system can then be sent back to the solids 
separation system as discussed above and/or directly to a 

10 land application or landfill. 

In the next step of the recycling/disposal process, 
the liquor passes from the centrifuge system to a bag 
filter system. Alternatively, it may be desirable and 
sufficient to eliminate the centrifuge system step 

15 altogether and move directly from the screening system to 
the bag filter system. The bag filter system is comprised 
of a series of bag filters having decreasing pore size 
through which the liquor passes. For example, the liquor 
can move from the centrifuge system to a series of 10 

20 micron bag filters, and then to a series of 2 micron bag 
filters. In this step, solid waste filtrate from the bag 
filters can be sent to the solids separation system as 
discussed above, and/or directly to a land application or 
landfill. 

25 In the next step of the recycling process, the 

filtered liquor moves from the bag filter system to a 
reverse osmosis system. In this system, external pressure 
is applied to the filtered liquor to oppose the natural 
process of osmosis, forcing the water in the liquor out of 

30 the liquor, which is high in salts. In one embodiment of 
the present invention, the reverse osmosis system is a two 
phase system. A reverse osmosis system will typically 
recycle about 70% of the liquor flow as recycled water and 
will waste about 30% of the liquor flow. Preferably, the 

35 recycled water produced by this system contains less than 
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about 20 ppm of dissolved solids. The recycled water can. 
be adjusted to a neutral pH (i.e., about 7), if necessary, 
and recycled to the depilatory substance or neutralizing 
substance makeup systems (i.e., the systems wherein these 
5 substances are diluted and mixed prior to their application 
to the hides) . In a preferred embodiment of the present 
method, the recycled water is not neutralized to pH 7, 
since production of a depilatory substance having a high pH 
is preferable, and since elimination of the neutralization 

10 substance can be accomplished due to the recycling steps 
set forth herein. 

The waste from the reverse osmosis process will 
contain a high concentration of chemicals and byproducts 
from the hair removal process. The next steps of the 

15 method of the present invention are designed to dispose of 
this waste in a safe and efficient manner. First, the 
waste from the reverse osmosis process moves to a salvaged 
chemical recycling process. This process will salvage 
chemicals such as sulfides from the waste, allowing the 

20 sulfides to be recycled back to the depilatory makeup 
system. Briefly, in the salvaged chemical recycling 
process wherein the chemicals include sulfides and 
sulfates, the waste, or spent liquor is transferred to a 
totally enclosed, air-tight vessel. An acid, such as HC1, 

25 can then be added to the spent liquor, which, under lower 
pH conditions, can generate H 2 S gas. The H 2 S gas can be 
collected and scrubbed by passage through a caustic soda 
scrubber, an embodiment of which is illustrated in Figs. 8, 
9 and 10. More particularly, the H 2 S gas generated by the 

30 reaction of sulfides and acid is collected in a contained 
system which heats, concentrates and releases the sulfide 
into a sodium hydroxide or potassium hydroxide solution. 
The concentrated sulfide solution can then be pumped into 
a storage system for reuse, for example, in the depilatory 
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makeup process. The air in the system can then be safely, 
released into the atmosphere. 

At this stage, the remainder of the waste liquor can 
be sent to a waste chemical treatment and disposal process. 
5 In this process, the collected waste solution from the 
above-described chemical salvage process is held in an air- 
tight vessel and the pH is adjusted, if necessary, to about 
10.5 to stabilize the liquor and reduce the potential for 
hydrogen sulfide gas release. As discussed above, it is a 

10 preferred embodiment to maintain the pH at greater than pH 
10 throughout the process , thereby eliminating the need to 
adjust the pH at various recovery steps. Oxygen is then 
added to the solution by the addition of ozone, hydrogen 
peroxide, or any other suitable oxygenation method. In 

15 addition, lime is added to the liquor. The addition of 
oxygen to the liquor changes the residual sulfides in the 
liquor into sulfates, and the addition of lime precipitates 
the sulfates out of the liquor in the form of calcium 
sulfate. The precipitated solids can then be removed from 

20 the solution by any suitable method, such as by 
centrifugation. Preferably, the calcium sulfate solids are 
removed by three phase horizontal centrifugation. The 
calcium sulfate solids can then be transported to a land 
application and/or landfill sites. The final remaining 

25 liquid waste solution can now be safely transported to a 
wastewater treatment facility for discharge, or to a Class 
I disposal well. 

Still another aspect of the present invention relates 
to the use of potassium-based compounds to supplant the 

30 amount of sodium-based compounds used in the dehairing 
process. In such a manner, the problems associated with 
the recovery and recycling of sodium is decreased, if not 
eliminated. For example, the use of potassium hydroxide 
and sodium hydroxide in a mixture, preferably about 50% of 

35 each, more preferably at least about 40% sodium hydroxide, 
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has been found to reduce the amount of sodium, 
recovery/recycling problems. 

As will be appreciated, another aspect of the present 
invention is directed to the system itself for facilitating 
5 the above-described method. Such a system includes, for 
example: a system for removing hair from an animal, 
wherein said animal is immobilized, dispatched and 
fabricated, said system comprising the steps of: 

a. a means for contacting a prewetting substance 
10 comprising a surfactant to an animal's hair; 

b. a means for contacting a depilatory substance to 
the animal's hair; and 

c. a means for removing the hair contacted by the 
depilatory substance; 

15 d. a means for collecting a waste stream comprising 

a prewetting substance, a depilatory substance and removed 
hair; and, 

e. a means for processing said waste streams by a 
system comprising: 
20 1. a means for separating solid waste from 

liquid waste; 

2. a means for treating the solid waste to 
separate hair from other solids; 

3. a means for recovering protein from the 
25 removed hair; and, 

4. a means for treating the liquid waste to 
produce a result selected from the group consisting of: 
removal and recycling of sulfides, removal of fine solid 
waste from the liquid; recovering and recycling water from 

30 the liquid waste; eliminating H 2 S gas from the liquid waste; 
and disposal of residual sulfides in the liquid waste as 
sulfates. 

In one embodiment, used liquor 20 is provided to a 
wire screen 22, such wire screen 22 preferably bounded by 
35 a frame, such as a wooden frame 24. Such wire screen's 
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dimensions are preferably at least about 2 square yards in 
an area and is preferably mounted at a 45° - 60° sloped 
angle. The wire screen 22 preferably has a mesh of between 
3 and 6 with a hydrophobic man-made woven or knit cloth 
5 having openings of at least about 0.04 inches. Positioned 
beneath the wire screen 22 is a drain pan 26 for the 
screened mother liquor. Shown in Figs. 7A and 7B are views 
of the above-described screening process. 

With respect to Fig. 8, an apparatus for acid 

10 treatment of spent dehairing liquor is provided so that 
residual sulfide can be recovered and H 2 S absorbed in a 
caustic soda scrubber. As illustrated, a dropping funnel 
containing HC1 32 is connected to a resin flash 34 which is 
contained within a heating mantle 36. A stirrer bar 38 is 

15 used to agitate the spent liquor 40 by means of a magnetic 
stirrer 42. The mantle 36 is connected to a variac 44. A 
thermal well 4 6 is connected to a thermal couple 48, such 
thermal well 46 immersed in the spent liquor 40. A 
nitrogen purge 50 is connected to and in contact with the 

20 spent liquor 40 within the resin flask 34. The top of the 
resin flask 34 is connected to at least one caustic soda 
scrubber 52 which are ultimately vented to the atmosphere 
54. 

Fig. 9 illustrates an acid treatment of submitted 
25 spent, dehairing liquor for recovery of residual sulfide 
values via H 2 S absorption in a caustic soda scrubber. 

With reference to Fig. 10, H 2 S from acidified spent 
dehairing liquor is transported so that it comes into 
contact with 25% NaOH 58 and is pumped through a heater 60 
30 by a typical pump means or a blower 64, ultimately 
conveying material to a thermal oxidizer 66 or to an NaHS 
storage tank 68. 

In summary, the method for dehairing animals as 
disclosed herein is a comprehensive, efficient and cost 
35 effective method for removing hair from animal hides, while 
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recycling and/or safely disposing of compositions and waste, 
products produced during the process. 

While various embodiments of the present invention 
have been described in detail, it is apparent that 
modifications and adaptations of those embodiments will 
occur to those skilled in the art. However, it is to be 
expressly understood that such modifications and 
adaptations are within the scope of the present invention. 
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What is claimed: 

1. A method for removing hair from an animal, 
wherein said animal is immobilized/ dispatched and 
fabricated, said method comprising the steps of: 

5 a) contacting a prewetting substance comprising a 

surfactant to said animal's hair; 

b) contacting a depilatory substance to said 
animal's hair; and 

c) removing said hair contacted by said depilatory 
10 substance; 

d) collecting a waste stream from said step (a) of 
contacting, from said step (b) of contacting, and from said 
step (c) of removing, wherein said waste streams are 
collected separately or together; and, 

15 e) processing said waste streams by separating solid 

waste from liquid waste and treating said waste streams. 

2. The method as set forth in Claim 1, wherein step 
(e) further includes treating said solid waste to separate 
said hair from other solids, 

20 3. The method as set forth in Claim 1, wherein step 

(e) further includes recovering protein from said hair. 

4. The method as set forth in Claim 1, wherein step 
(e) further includes eliminating H 2 S gas from said liquid 
waste and disposal of residual sulfides in said liquid 

25 waste as sulfates. 

5. A system for removing hair from an animal and 
processing waste streams generated thereby, comprising: 

a) a means for contacting a prewetting substance 
comprising a surfactant to said animal's hair; 
30 b) a means for contacting a depilatory substance to 

said animal's hair; 

c) a means for removing said hair contacted by said 
depilatory substance; 

d) a means for collecting a waste stream; and, 
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e) a means for processing said waste streams by a. 
system comprising: 

i) a means for separating solid waste from 
liquid waste; 

ii) a means for treating said solid waste to 
separate said hair from other solids; and 

iii) a means for treating said liquid waste to 
produce a result selected from the group consisting of: 
removal and recycling of sulfides, removal of fine solid 
waste from said liquid; recovering and recycling water from 
said liquid waste; eliminating H 2 S gas from said liquid 
waste; and disposal of residual sulfides in said liquid 
waste as sulfates. 
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